Summary. The effects of 5-hydroxytryptophan on plasma concentrations of glucose and immunoreactive insulin were examined in conscious mice. Blood samples were obtained after anaesthetizing the mice lightly, with ether at the desired time. Large doses of L-5-hydroxytryptophan (5HTP) (200-400mg/kg IV) produced a dose-dependent hypoglycaemic response in fasted mice (e.g. control 5.7 + 0.2mmol/1, 5HTP 400mg/kg 2.6 _+ 0.3mmol/1). This response was preceded by a significant elevation in the plasma immunoreactive insulin concentration (e. g. control 6 _+ 2 mU/1; 5HTP 400 mg/kg 53 _+ 7 mU/1). Induction of diabetes with alloxan (80 mg/ kg IV 72 h previously) prevented the hypoglycaemic effect of 5HTP. Alloxan diabetes abolished the hyperinsulinaemic response to 100 mg/kg of 5HTP and reduced by 66% the response to 400 mg/kg of 5HTP. In alloxan diabetic mice 5HTP produced a marked hyperglycaemic response (control 17.9 _+ 2.0 mmol/1; 5HTP 100 mg/kg 36.1 + 2.3 mmol/1). In normal mice pre-treated with nialamide, a monoamine oxidase inhibitor, much lower doses of 5 HTP (5-10mg/kg) were required to produce hypoglycaemia. There was no detectable elevation in the plasma insulin concentration accompanying the hypoglycaemic response to smaller doses of 5HTP in nialamide treated mice. The hyperinsulinaemic and hypoglycaemic actions of 5HTP in normal mice were prevented completely by pretreatment with benserazide, an inhibitor of aromatic amino acid decarboxylase. 5-hydroxytryptamine did not modify the plasma glucose concentration in either normal or nialamide-treated animals. It is concluded that the hypoglycaemic response to 5HTP in normal mice is mediated at least partly through an elevation in the plasma insulin concentration, although it is likely that additional mechanisms are involved.
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5-hydroxytryptamine (5HT) has been demonstrated in the pancreatic B cells of several species [1] and these cells possess mechanisms which can take up and decarboxylate the 5HT precursor, 5-hydroxytryptophan (5HTP) [8] . This has led to considerable interest in the effect of 5HT and its precursors on blood glucose and insulin secretion. 5HT itself has been shown to produce hyperglycaemia [12, 15] although Kobayashi et al. [10] demonstrated a hypoglycaemic response to 5HT, this being particularly pronounced in adrenal-demedullated rats. On the other hand precursors of 5HT (tryptophan and 5HTP) have been shown by several authors to produce hypoglycaemia in the rat or mouse [4, 12, 13, 15] . The mechanisms involved in these hypoglycaemic responses are unclear and there is uncertainty about the role of insulin. Lundquist et al. [12] and Furman [4] found no increase in the plasma immunoreactive insulin (IRI) concentration after the administration of 5HTP to mice pretreated with monoamine oxidase inhibitors and also found that the hypoglycaemic response to 5HTP could be obtained in alloxan diabetic animals. Smith and Pogson [15] on the other hand, failed to demonstrate a hypoglycaemic response to tryptophan in either alloxan or streptozotocin-diabetic rats or to 5HTP in pargylinetreated alloxan-diabetic rats or mice. These authors also demonstr~ited a very small but significant increase in the plasma immunoreactive insulin concentration after tryptophan injection but suggested that the increase was too small to account for 0012-186X/80/0019/0386/$01.00 the hypoglycaemic action. The work presented in this paper consists of a more detailed examination of the role of insulin in the hypoglycaemic response to 5HTP in the mouse.
Induction of Diabetes
Diabetes was induced by the IV injection of alloxan (80 mg/kg dissolved freshly in saline) 72 h before the experiment. These animals showed glycosuria (Clinistix) and had a mean fasting plasma glucose concentration of 17.9 mmol/1.
Experimental Design and Protocols
Drug and control experiments were performed in a strictly parallel manner, drug or control solutions being administered to alternate mice selected at random. Where an experiment involved more than two treatments, the treatments were randomized over the whole time period of the experiment. All experiments were carried out between 1000 and 1300 h. Where the numbers of animals in an experiment were too large to be handled in this time period, the experiment was repeated over 2-3 successive days. 5HTP was always injected intravenously 5, 30 or 60 rain before blood sampling. Nialamide (80 mg/kg) was injected intraperitoneally 20 h and 2 h before blood sampling [12] . Benserazide was administered in a dose of 25 mg/kg intraperitoneally 30 rain before the injection of 5-hydroxytryptophan.
Biochemical Determinations
Glucose was determined enzymically using a Beckman Glucose Analyzer. Immunoreactive insulin was determined in 50 ~I plasma samples by the method of Hales and Randle [9] using materials obtained from the Radiochemical Centre (Amersham) and membrane filters (N25/45 UP) purchased from Oxoid. Crystalline rat insulin (Novo Laboratories) was used as a standard. Neither the drugs used nor a major metabolite of 5HT, 5-hydroxyindoleacetic acid (5HIAA) interfered with either determination. The intraassay coefficient of variation was 10.5% for a nominal 10 mU/1 solution of insulin and 5.2% for 35 mU/1. The respective interassay coefficients were 39% and 17%. Comparisons were made only between samples handled in the same assay. The large interassay coefficient of variation may account for some of the variation in fasting insulin levels seen in control animals in this work.
Statistical Methods

Materials and Methods
Animals
Male albino CFLP mice (22-28 g) were used throughout. The animals were maintained on a standard pellet diet (Oxoid 41B) and water ad libidum until 18 h before the experiment, at which time food, but not water, was removed.
Experimental Procedures
Drugs were administered to conscious mice intravenously into a tail vein or intraperitoneally as indicated. Blood sampling was achieved by anaesthetizing the animals lightly with ether approximately 30 s before the desired time and removing blood from the rapidly exposed femoral vein using a 26 g needle attached to a 1 ml syringe. This method of blood sampling yields plasma glucose concentrations not significantly different from those obtained when blood is collected by decapitation, and is the preferred method in our laboratory. One blood sample only was removed from each mouse and thus different groups of animals were required for each time interval studied.
All results were expressed as means _+ SEM. Statistical significance was determined using Student's t test for unpaired data. In the case of IRI, values were found not to follow clearly a normal distribution and therefore p values were estimated using the Mann Whitney U test. Statistical significance was accepted where P < 0.05.
Drugs Used
L-5-hydroxytryptophan, 5-hydroxytryptophan and 5-hydroxyindoleacetic acid were obtained from Sigma. Benserazide was a gift from Roche.
Results
Effect of 5HTP on Plasma Glucose and IRI in Normal Mice
In normal fasted mice 5HTP in doses of 50-100 mg/ kg was without effect on plasma glucose. However in larger doses (200-400 mg/kg) it produced a dose Table 2 . Effect of pretreatment with benserazide (25 mg/kg IP, 30 min beforehand) on the hypoglycaemic and hyperinsulinaemic effects of L-5-hydroxytryptophan (400 mg/kg IV). Plasma glucose and IRI were measured 5 and 30 rain after the injection of 5HTP. Number in parentheses indicates the number of observations, a, b significantly different from control (ap < 0.01, bp < 0.001) c, d significant difference between 5HTP treatments in saline and benserazide pretreated mice (cp < 0.01, dp < 0.001) dependent hypoglycaemic response when glucose was measured 60min after injection (Table 1) . Hypoglycaemia was also present 30 rain after injection. The plasma IRI concentration was markedly elevated by all doses of 5 HTP at 5 min after injection (Table 1) , at which time the plasma glucose concentration was unaltered. The IRI was still raised significantly 30 rain after injection. When blood was collected by simple decapitation without the use of ether, 5 min after the injection of 5HTP (100 mg/kg IV) or appropriate vehicle, similar insulin values to those presented in Table 1 were obtained (5HTP treated 58 + 15 mU/1 (n = 8), control 25 _+ 4 mU/1 (n = 10), P < 0.05). Pre-treatment with benserazide completely prevented the effect of 5HTP (400 mg/kg IV) in elevating the plasma IRI concentration and in producing hypoglycaemia ( Table 2) .
Effect of Alloxan Diabetes on Response to 5HTP
Pre-treatment of animals with alloxan markedly changed the responses to 5HTP. In alloxan-diabetic mice 5HTP in a dose of 100 or 400 mg/kg produced a marked hyperglycaemic response ( Table 1) . The response to 400 mg/kg was however significantly less than the response to 100 mg/kg. Although the plasma insulin concentration was not modified by 5HTP in a dose of 100 mg/kg in these mice, there was a small but statistically significant increase in response to the larger dose (Table 1) . 
Effect of 5HTP on Plasma Glucose and IRI in Monoamine Oxidase Inhibitor Treated Mice
In fasted mice pretreated with nialamide 5HTP (5 mg/kg or 10 mg/kg IV) produced a dose-dependent hypoglycaemia when plasma glucose was estimated at 60 minutes after injection. However plasma insulin concentrations were unaffected by 5HTP in these mice (Table 3) .
Effects of 5HT on Plasma Glucose and IRI Concentrations
5HT (0.1-50 mg/kg IV) did not modify significantly the plasma glucose concentration in fasted mice or in fasted mice pretreated with nialamide (Table 4) . Larger doses could not be studied because of the very high mortality produced by doses of 100 mg/kg and above. In a dose of 50 mg/kg IV 5HT produced a small but significant increase in the plasma IRI concentration at 30 min after injection (Control 6 _+ 1 mU/1, n = 7; 5HTP treated 22 _+ 3 mU/1, n = 8, P < 0.001) but not at 5 min.
Discussion
Previous studies in the mouse have suggested that 5HTP induced hypoglycaemia is not mediated through an increase in insulin secretion. This conclusion was based upon the findings that 5HTP did not elevate the plasma IRI concentration and that the response was still evident in alloxan-diabetic mice [4, 12] . The experiments providing the evidence for these conclusions were all performed using relatively small doses of 5HTP in MAOI pretreated animals. The present findings of hypoglycaemia in response to 5HTP, without hyperinsulinaemia in nialamide treated mice, confirm the previous results. On the other hand we report for the first time the production of hypoglycaemia in response to large doses of 5HTP in animals which have not been treated with an MAOI. Previous studies in such animals have shown either no effect of 5HTP in mice [12] or a hyperglycaemic response in rabbits [16] . However it must be emphasised that these authors used lower doses of 5HTP in fed animals, or animals which had been deprived of food for only a short time.
The observation in the present work that the hypoglycaemia was accompanied by, and, in fact, preceded by a marked increase in the plasma IRI concentration suggests that large doses of 5HTP produce hypoglycaemia by increasing the release of insulin. This interpretation is supported by the prevention or reduction of the hypoglycaemic and hyperinsulinaemic effects of 5HTP by alloxan pretreatment. In alloxan diabetic animals 5HTP actually produced hyperglycaemia. The finding that the hyperglycaemic response to the larger dose of 5HTP was significantly less than the response to a smaller dose may be explained by the finding of a slightly, but significantly, elevated plasma IRI concentration in response to the larger dose. The increase in IRI produced by 5HTP does not appear to result from any chemical interference of 5HTP or its main metabolites with the radioimmunoassay procedure since addition of these substances to solutions of rat insulin did not influence the value determined by assay and, moreover, the increase in IRI was markedly reduced in alloxan diabetic animals. It was possible that the elevation in plasma insulin produced by 5HTP was influenced by the use of ether anaesthesia in the blood sampling procedure. Previous findings from this laboratory have indicated that blood sampling under ether anaesthesia, although not affecting plasma glucose concentrations, influenced markedly the measured concentration of immunoreactive insulin in B. pertussis treated mice [5] . However the hyperinsulinaemic effect of 5HTP was demonstrated readily in animals from which blood was collected by decapitation without the use of anaesthesia.
The present findings in vivo tend to support the in vitro observations of Lernmark [11] and Pontirolli [14] who have shown 5HTP to stimulate the release of insulin from isolated islets of the rat and mouse respectively. On the other hand Wilson et al. [16] showed that the administration of 5HTP to rabbits resulted in an inhibition of glucose-stimulated insulin release from their subsequently incubated pancreatic tissue. Using in vivo experiments in the mouse Lundquist et al. [12] found 5HTP to inhibit the secretion of insulin stimulated by glibenclamide or isoprenaline but not that stimulated by glucose. Although 5HT itself has been shown in several in vitro studies to inhibit insulin release [3, 12] other workers have shown a stimulating effect at low glucose concentrations both in vitro [7] and in vNo [2] . The present work showed 5HT to increase the plasma IRI concentration in the fasted mouse but this was not investigated in sufficient detail to draw comparisons with other work. Moreover 5HT itself did not affect the plasma glucose concentration although doses of 5HT comparable with those of 5HTP which produced hypoglycaemia could not be administered to the mice. Thus no definite conclusions can be made about the role of 5HT in mediating the effects of 5HTP. However, the prevention of the responses to 5HTP by benserazide, an inhibitor of aromatic amino acid decarboxylase, suggests strongly that the responses are mediated by some decarboxylated product of 5HTP, and not by the amino acid itself.
Although insulin appears to be involved in the hypoglycaemic action of large doses of 5HTP in normal animals there are several points requiring further discussion. First, it is clear that an increase in the plasma IRI concentration can be produced by 5HTP in doses lower than those which produce hypoglycaemia, suggesting that other mechanisms may operate to prevent the hyperinsulinaemia from producing a fall in the plasma glucose concentration. That 5HTP exerts actions upon plasma glucose, independently of insulin, tending to produce hyperglycaemia is evident from the experiments in alloxan diabetic mice. Second, the hyperinsulinaemia cannot explain entirely the hypoglycaemic effect of 5HTP since the amino acid produces hypoglycaemia without any claange in the plasma IRI concentration in nialamide treated mice. Moreover we have shown that various inhibitors of the neuronal uptake of 5HT can augment the hypoglycaemic effect of 5HTP in normal mice without modifying the hyperinsulinaemic effect of 5HTP (Furman and Wilson, unpublished observations; [6] ). It thus appears that 5HTP can produce hypoglycaemia in the mouse through at least two different mechanisms. One results in an elevation of the plasma insulin concentration and is seen when large doses of 5HTP are given to normal mice. The second and unknown mechanism is apparently independent of insulin secretion and is seen when 5HTP is given to MAOI pretreated mice or to normal mice treated concurrently with drugs that block the neuronal uptake of 5HTP.
